Day 7 eggs (oestrus = Day 0) were surgically transferred singly to the uterine horn contralateral to the CL and heifers were either slaughtered on Day 24\p=n-\ 26 (Group 1) or palpated per rectum on Day 42 (Group 2) to determine the presence of a developing conceptus and a maintained corpus luteum. There was a fall in pregnancy rate of the control heifers in Groups la (6/10) and 2a (2/10) (P = 0\m=.\085).
Introduction
There have been few reports involving cattle which compare the survival of eggs transferred contralateral to the corpus luteum with that of eggs transferred ipsilateraUy. The results in the literature are confusing but suggest that pregnancy rates are low after contralateral transfers when pregnancy is assessed at Day 42 (oestrus = Day 0) or later. Newcomb & Rowson (1976) and Sreenan (1976) performed unilateral egg transfers to either horn and found a significantly lower pregnancy rate when the egg was transferred contralateral to the corpus luteum (CL). Tervit, Havik & Smith (1977) demonstrated a similar trend but this was not significant.
However, the study of Del Campo, Rowe, French & Ginther (1977) , involving slaughter at Day 24, suggested much higher pregnancy rates at this stage of gestation. Each heifer received 2 eggs in one uterine horn and daily treatment with progesterone from Days 13 to 23 in order to maintain the developing conceptuses. After contralateral egg transfer the CL was maintained and conceptuses continued to develop in a high proportion (8/12) of recipients when the uterus was intact or only the intercornual ligament was transected. The progesterone treatment could have assisted luteal maintenance by influencing the developing conceptuses, but the apparent discrepancy in pregnancy rate between Days 24 and 42 of gestation can also be explained if CL regression and embryonic death are occurring later than Day 24. Support for this conclusion comes from the results of Newcomb, Christie & Rowson (1978a) who noted a prolongation of dioestrus in heifers returning to oestrus after surgical transfer of an egg to the uterine horn contralateral to the ovary bearing the CL and non-surgical transfer of a second egg to the ipsilateral horn. If luteal regression is occurring after Day 24 despite the presence of a viable conceptus in the contralateral horn, then it is possible that embryo survival would be improved if the life-span of the CL can be extended.
The present work was designed to look more closely at the fate of eggs transferred to the uterine horn contralateral to the CL and to investigate the effects on embryo survival of treatment with progesterone or human chorionic gonadotrophin (hCG) which is known to prolong the life-span of the CL (Wiltbank, Rothlisberger & Zimmerman, 1961) .
Materials and Methods
Donor cattle were drawn from a pool of 20 heifers of mixed breeding which were repeatedly induced to superovulate at approximately 6-week intervals by the method described by Newcomb et al (1978b) .
Eggs were collected from standing, sedated animals on Day 7 (oestrus = Day 0) by using a non-surgical technique (Newcomb et al, 1978b) . Modified Dulbecco's phosphate-buffered sahne (Whittingham, 1971 ) was used for collection, storage and transfer of eggs. Eggs were screened under the stereodissecting microscope and only late morulae and early blastocysts of normal appearance were transferred. All eggs used were transferred within 4 h of collection.
A total of 60 heifers of mixed breeding which were in oestrus synchronously with the donors were used as recipients. Heifers were observed twice daily for detection of oestrus which was naturally occurring in some and induced by 500 µg cloprostenol (PG analogue) in others (Estrumate: I.C.I. Ltd, Macclesfield, U.K.).
Transfers were accomplished using a surgical technique. After fasting for 24 h anaesthesia was induced by an i.v. injection of 5 g thiopentone sodium and maintained using a halothaneoxygen-nitrous oxide mixture. The uterus was exposed through a mid-line incision and 1 egg was transferred by means of a Pasteur pipette to the lumen at the tip of the horn contralateral to the CL.
After transfer the recipients were divided into 2 groups. Group 1 contained 20 heifers of which 10 (Group la) were untreated controls slaughtered on Day 24-26 and 10 (Group lb) were treated with 100 mg progesterone in oil (Intervet Laboratories Ltd, Cambridge, U.K.), injected i.m. once daily from Day 13 until the day before slaughter on Day 24-26.
The uterus and ovaries were removed after slaughter. The tips of the horns were dissected to determine the extent of the fetal membranes and the tract was flushed with saline (0-9% (w/v) NaCl) to recover the conceptus, if present. The conceptus was then examined under the stereodissecting microscope to determine viability by the presence or absence of a heartbeat or degenerate tissue. The corpus luteum was assessed visually as maintained or regressed according to the criteria of Mapletoft, Del Campo & Ginther (1976) , enucleated and weighed. Group 2 contained 40 heifers, equally allocated to 4 sub-groups. Those in Group 2a were untreated controls. The heifers in Group 2b were injected i.m. once daily from Days 13 to 23 with 100 mg progesterone in oil. Group 2c heifers were similarly treated but from Day 13 to Day 35. Heifers in Group 2d received an i.m. injection of 1000 i.u. hCG (Gonadotrophon LH: Paines and Byrne, U.K.) reconstituted in 5 ml saline once daily from Days 13 to 35. The uterus and ovaries of each heifer were palpated per rectum on Day 42 to assess pregnancy. Positive pregnancy diagnoses for the heifers in Groups 2c and 2d were confirmed by a second rectal palpation on Day 63.
All recipients were observed twice daily to detect oestrous behaviour and those returning to oestrus were recorded.
Results
The results for Group 1 are summarized in Table 1 and those for Group 2 in Table 2 . AU the conceptuses recovered in Group 1 were considered to be viable and in all cases the trophoblast had extended to within 4 cm of the tip of the ipsilateral horn. In Group la, 2 of the 4 nonpregnant heifers were observed in oestrus before slaughter. Statistical analysis shows that when an exact, one-sided test is applied the probability of such a large difference occurring by chance between Group 2a and 2d, la and 2a, and lb and 2b is 0-085. No additional CL were palpated in Group 2d, although one heifer had an additional structure in the ipsilateral ovary which was considered to be a luteinized cyst.
No evidence of abortion was seen in any of the recipients in Group 2, but this was to be expected since external signs of abortion have rarely been observed in other studies when pregnancies have been terminated on Day 42 or earlier (W. B. Christie, unpubUshed observations). 
Discussion
It is apparent that a high proportion of eggs transferred to the contralateral horn in the cow are able to maintain the CL beyond the normal time of luteolysis, although the recovery of 2 viable conceptuses in Group lb (progesterone treated) associated with regressed CL indicates that this does not apply to all the apparently normal developing conceptuses in this situation. The pregnancy rates in the control groups indicate that a substantial proportion of developing conceptuses are dying between Days 24 and 42, suggesting that these conceptuses are initially able to prevent luteal regression but subsequently lose this ability. The high incidence of prolonged dioestrous intervals in the animals failing to remain pregnant until Day 42 in Group 2a supports this contention but whether embryonic death is a cause or an effect of CL regression is not resolved.
Other evidence, however, suggests that CL failure precedes the death of the conceptus. In Group 2d an increase in embryo survival at Day 42 was noted after the appücation of an hCG treatment known to prolong the Ufe of the CL (Wiltbank et al, 1961) . In Group lb two viable conceptuses were maintained despite luteal regression and it is reasonable to assume that the same happened in Groups 2b and 2c, especially since progesterone treatment has maintained pregnancy in ewes ovariectomized before egg transfer (Moore & Rowson, 1959) . Thus, the failure of any more conceptuses to survive to Day 42 in the progesterone-treated animals than in the controls is likely to have been an effect of CL regression. It has been demonstrated in this study that the progesterone treatment reduced luteal weight. A similar effect of progesterone treatment on CL weight has been recorded in pregnant sheep (Nalbandov, 1958) but in an experiment involving pregnant heifers the reduction in CL weight was not significant (Zimbelman, Loy & Casida, 1961) although there was a significant reduction in luteal progesterone content of treated animals compared with controls. The administration of exogenous progestagen has an inhibitory effect on plasma LH (Hansel, Concannon & Lukaszewska, 1973) , and depression of LH secretion in the pituitary may be responsible for the above results. Nevertheless, it is unlikely that progesterone treatment caused luteolysis in this study because 6 pregnant heifers in Group lb had morphologicaUy normal CL and similar treatments have had no effect on the life-span of the CL in cycling cattle when initiated on Day 5 or after (Harms & Malven, 1969; Ginther, 1970) . Further support comes from the oestrous return data in Group 2b in which there would appear to be a high incidence of prolonged dioestrus when one considers that the majority of cycling cattle will return to oestrus between 3 and 6 days after cessation of a similar progesterone treatment (Ulberg, Christian & Casida, 1951; Trimberger & Hansel, 1955) . In contrast the post-treatment oestrous periods of nonpregnant heifers in Group 2c were quite closely synchronized, indicating CL regression before the end of treatment.
Premature luceal regression is therefore probably causing the embryonic death which occurs after Day 24-26. It is well established that uterine-induced luteolysis in sheep and cows is mediated through a local veno-arterial pathway between the ovary and the ipsilateral uterine horn (Ginther, 1974) . In the ewe prostaglandin (PG) F is secreted into the uterine vein and transferred to the ovary by a countercurrent mechanism involving the utero-ovarian vein and the ovarian artery (see Baird, 1978) . The same pathway for transfer of uterine luteolysin has been demonstrated in the cow (Mapletoft et al, 1976) . For pregnancy to occur the conceptus must negate the effect of the uterine luteolysin and there is ample evidence that this is achieved via a local or unilateral relationship between the conceptus and the ovary in the ewe (Moore & Rowson, 1966) and the cow (Del Campo et al, 1977) . It is not clear, however, whether the mechanism is antiluteolytic, acting directly on the uterus, or luteotrophic, acting on the ovary through a countercurrent mechanism similar to that involved in PGF transport, or both (see Heap, Flint & Jenkin, 1978) . Del Campo et al (1977) have shown that when the conceptus is in the contralateral horn the signal is transmitted through the horns, probably in the lumen. To prevent luteolysis, the blastocyst must be present in the uterus by Day 16 (Betteridge, Mitchell, Eaglesome & Randall, 1976) but at this time the blastocyst is quite smaU and would be sited completely in one horn. Therefore, if contralaterally located conceptuses are to survive beyond the normal time of luteolysis, as demonstrated in this study, the initial signal to prevent luteal regression must be very potent and able to diffuse freely throughout the uterine lumen. It is highly likely that this early signal is produced by the rapidly elongating trophoblast.
The high rate of embryonic death after Day 24 in this experiment is occurring when the trophoblast has already filled both horns so it seems unlikely that CL regression at this stage could be due to deficient trophoblastic signal. This suggests that a change in the nature of the embryonic signal may be occurring. This contention is supported by the work in sheep of Rowson & Moor (1967) who demonstrated extension of the oestrous cycle when 14or 15-dayold embryo extracts were injected into the uterine lumen of non-pregnant ewes, but not when 25day-old embryos were used. The allantochorion is developing rapidly at the presumptive time of embryo death but it is doubtful if it has entered the ipsilateral horn before Day 30 in most of the heifers with a contralaterally transferred embryo (unpubUshed observations). The presence of part of the allantochorion in the ipsilateral horn may be necessary to prevent luteolysis at this stage.
The luteotrophic action of LH or LH-like preparations in the cow, as indicated by increased progesterone production or prolongation of the Ufe-span of the CL has been clearly demonstrated (Wütbank et al., 1961; Donaldson & Hansel, 1965; Carlson, Kazama & Hansel, 1971 ). The comparatively high pregnancy rate in Group 2d in the present study may be the result of an exogenous luteotrophin supplementing the action of an inadequate luteotrophic or antiluteolytic signal produced by the developing conceptus and thus allowing the conceptus more time to establish itself in the ipsilateral horn.
Three of the four heifers which returned to oestrus in Group 2d showed extension of the cycle and this agrees with the data of Wiltbank et al (1961) and Schomberg, Coudert & Short (1967) , but the high incidence of accessory CL formation recorded by these authors in response to hCG treatment was not found in this or a similar (unpublished) study.
More detailed studies of the factors affecting the survival of contralateraUy transferred eggs in cattle are required to advance knowledge of the mechanisms involved in luteal maintenance by the conceptus and in early embryonic death.
